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能否增强 MDA-MB-231 的迁移能力，以及能否上调 VEGF-D 的表达从而促进三




并探求 TGF-β1 调控其增殖的浓度效应和时间效应。划痕实验检测 TGF-β1 对
MDA-MB-231 迁移能力的影响，同时探讨该过程与 p38 MAPK 信号通路的相关
性。利用 Western Blot 和 ELISA 检测 TGF-β1 对 MDA-MB-231 细胞 VEGF-D 表
达的影响，并探究该过程是否与 p38 MAPK 信号通路相关。 
结果 
低浓度 TGF-β1（5.0ng/ml）对 MDA-MB-231 细胞的增殖有一定的抑制作用。
随着剂量的增加和时间的延长，这种抑制作用变得不明显。划痕实验显示不同浓
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用 p38 特异性抑制剂阻断 p38 MAPK 信号通路后，发现 TGF-β1 促进
MDA-MB-231 细胞迁移的作用被明显抑制。Western Blot 和 ELISA 共同证实
TGF-β1 能够促进 MDA-MB-231 细胞分泌 VEGF-D；而预先应用 p38 特异性抑制
剂阻断 p38 MAPK 信号通路，TGF-β1 上调 VEGF-D 的作用受到明显抑制。 
结论 
1. TGF-β1 对三阴性乳腺癌细胞 MDA-MB-231 的增殖有一定的抑制作用。随
着剂量的增加和时间的延长，这种抑制作用逐渐消失。 




















Background & objective 
An important reason for poor prognosis of triple negative breast cancer is the 
early occurrence of lymph node metastasis , which is up to 50%. The study confirmed 
that the invasion and metastasis of cancer cells to lymphatic vessels not only related to 
cell migration , but also to the newborn of lymphatic vessels in cancer tissue. At 
present, most study confirmed that VEGF-D is a specific lymphatic endothelial 
growth factor, which combination with VEGFR-3 can lead to the tyrosine 
phosphorylation of VEGFR-3 intracellular, trigger mitogen protein kinase (MAPK) 
cascade reaction, initiate transcription, cause the division and proliferation of 
lymphatic endothelial cell, and then result in lymphangiogenesis. Study on the effect 
and mechanism of TGF-β1 on lymph node metastasis of breast cancer and VEGF-D 
are less at this phase. In recent years, there are a number of studies in vitro confirmed 
that p38 MAPK signaling pathway plays an important role in cancer cell invasion and 
metastasis. 
The experiments at the cellular level taked triple negative breast cancer cell line 
MDA-MB-231 as research object, explored TGF-β1 whether enhanced the migration 
ability of MDA-MB-231 cells, and whether increased the expression of VEGF-D, so 
as to promote the triple negative breast cancer lymph node metastasis. On this basis, 
we applied to p38 MAPK inhibitor to explore whether the p38 MAPK signaling 
pathway was involved in the process.  
Methods 
We employed MTT assay to detect the proliferation of triple negative breast 
cancer cell line MDA-MB-231 which treated with TGF-β1, and explore the 
concentration effect and time effect of TGF-β1 in regulation of proliferation. We used 
the scratch assay to detect migration changes of MDA-MB-231 cells processed with 
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process. After treating MDA-MB-231 cells with TGF-β1, we detectd the changes of 
VEGF-D expression through Western Blot and ELISA, and explored whether the p38 
MAPK signaling pathway played an important role in this process. 
Results 
During the research process, I was observing the phenomenon that low 
concentrations of TGF-β1 (5.0ng/ml) to a certain extent inhibited the proliferation of 
MDA-MB-231 cells. But with the increase of dose and time, this inhibition is not 
obvious. Scratch test showed that the migration ability of MDA-MB-231 cells was 
significantly enhanced with different concentrations of TGF-β1 treatment for 24 hours. 
However, pretreatment with p38 MAPK specific inhibitors to block the p38 pathway , 
the effect of promoting migration by TGF-β1 was significantly inhibited. Western 
Blot and ELISA confirmed TGF-β1 could upregulated VEGF-D production in MDA 
-MB-231 cells. While pretreatment p38 MAPK specific inhibitor to block the p38 
pathway, we found that the increase of VEGF-D production was significantly 
inhibited. 
Conclusions 
1.Low concentrations of TGF-β1 to a certain extent inhibited the proliferation 
of MDA-MB-231 cells.As the dose increases, this inhibition became not obvious. 
2.TGF-β1 could promote the migration of MDA-MB-231 cells. And the process 
is dependent on the p38 MAPK signaling pathway. 
3.TGF-β1 could upregulated VEGF-D production in MDA-MB-231 cells. The 
process is closely related to the p38 MAPK signaling pathway. 
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缩略词 英文全称 中文全称 
MAPK Mitogen-activated protein kinase 丝裂原活化蛋白激酶 
TGF-β1 Transforming growth factor-bata1 转化生长因子β1 
VEGF-D Vascular endothelial growth factor D 血管内皮生长因子 D 
VEGFR 
Vascular endothelial growth factor 
receptor 
血管内皮生长因子受体 
ER Estrogen receptor 雌激素受体 
PR Progesterone receptor 孕激素受体 
HER2 
Human epidermal growth factor 
receptor-2 
人类表皮生长因子受体 2 
TNBC Triple negative breast cancer 三阴性乳腺癌 
HBC Hereditary breast cancer 遗传性乳腺癌 
TGF-βR Transforming growth factor-β receptor TGF-β受体 
EMT Epithelial-mesenchymal transition 上皮间质细胞转化 
CTGF Connective tissue growth factor 结缔组织生成因子 
MMP Matrix metalloproteinase 基质金属蛋白酶 
TIMP Tissueinhibitor of metalloproteinase 金属蛋白酶组织抑制剂 
IL-11 Interleukin-11 白介素 11 
PTHrP Parathyroid hormone related protein 甲状旁腺激素相关蛋白 
TSP1 Thrombospondin 1 凝血酶敏感蛋白 1 
NF-κB Nuclear Factor-KappaB 核因子 κB 
PI3K Phosphatidylinositol 3-kinase  磷脂酰肌醇-3 激酶 




























    乳腺癌是女性常见的恶性肿瘤，其发病率逐年增高，发病年龄也趋于年轻化。



















    目前，乳腺癌的发病原因并不完全明了。相关的影响因素有：  
1.年龄 
    女性随着年龄增长，乳腺癌发病率逐渐上升。月经初潮及 20 岁以前的乳腺



















    遗传因素是目前 为肯定的乳腺癌发病因素之一。所有乳腺癌病例中，遗传
性乳腺癌（HBC）占 5%~10%。有研究显示，一级直系亲属患乳腺癌的女性，患
乳腺癌的危险性高于普通人群的 2-3 倍。 BRCA1 是一个重要的抑癌基因，其产
物能够阻止细胞进入增殖周期，诱发细胞凋亡；它的表达下降、缺陷或缺失将大
大增加了女性对乳腺癌的易感性。携带 BRCA1 突变基因者，一生患乳腺癌的危
险性为 36%~87%。多数三阴性乳腺癌（TNBC）患者均存在 BRCA1 结构和功能
的异常[4]。 
3.初潮年龄和绝经年龄 




    初次全程妊娠年龄在 35 岁以上者, 每增加 1 岁，患乳腺癌的危险性便增高
约 5%；而后每增加 1 次生产, 患病率降低约 7%。未育者及产次较低的经产妇同
样视为危险因素。研究认为：女性分娩间隔期短，其终生患乳腺癌的几率较低。 
5.哺乳  
    爱斯基摩人平均哺乳时间超过 3年, 有的甚至长达 30年, 她们患乳腺癌的几
率仅为 10 万分之一。这很好的证明了哺乳总时间越长，患乳腺癌的几率越小。
不哺乳的母亲相对于哺乳者，其患乳腺癌的几率高 2~3 倍[6]。 
6.体重因素 
















了患乳腺癌的危险性[7]。体重每增加 5 公斤，患乳腺癌的危险性升高 8%。 
7.放射线 








癌的几率相对增高 2~ 3 倍。 
9.饮食结构 




    有研究[9]认为：在 25 岁以前口服避孕药达 6 年以上的女性，患乳腺癌的几
率要比未曾用药者高 5 倍。原因可能是长期的雌孕激素周期性交替，引起雌激素
代谢紊乱，从而引发乳腺癌。 
11.环境因素   














TGF-β1 通过 p38 MAPK 信号通路促进三阴性乳腺癌细胞 MDA-MB-231 迁移及 VEGF-D 的表达 
4 
12.其他 
除此之外，致癌性 RNA 病毒的感染、吸烟等因素也与乳腺癌相关。 
二 乳腺癌的治疗 
1. 手术治疗 
    手术切除是治疗实体肿瘤的首选方式，乳腺癌也不例外。1894 年 Halsted 提
出乳腺癌的转移按解剖部位顺次发展，即由原发灶转移至区域淋巴结，再发生血
运转移；其提出的乳腺癌根治术一直是乳腺癌治疗的标准术式。切除范围包括整
个乳房、胸大肌、胸小肌、腋窝和锁骨下淋巴结。但近 20 余来 Fisher 提出乳腺
癌自发病即是一种全身性疾病。因而目前乳腺癌的治疗力求缩小手术范围，而加
强术后辅助治疗。 
    1.1 乳腺癌改良根治术 




    1.2 保乳手术 
    手术范围包括肿块的完整切除及腋窝淋巴结清扫。主要适用于早期乳腺癌患
者，且乳房需有足够体积，术后才能保持良好外观，否则将影响手术效果及乳房
的美容效果。 
    1.3 前哨淋巴结活检 
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